Objectives-To study the effect of bis (tributyl tin) oxide (TBTO) on permeability of the blood-brain barrier. Methods-Electron microscopy and an x ray microanalyser with lanthanum chloride as a tracer were used, and blood tin concentrations were determined with an atomic absorption spectrophotometer. Adult male wistar rats received 0 05 ml/kg body weight of TBTO orally.
Tributyl tin compounds have been widely used in the fishing industry as antifouling agents in numerous formulations of marine paints to prevent adhesions and growth of barnacles, algae, and other organisms on ship hulls, fishing nets, and cages. Recently, accumulation of tributyl tin, heavily toxic to marine organisms, has been pointed out in the food chain in crabs, oysters, salmon, and other fish. For instance, deformities such as dwarfism and kyphoscoliosis of young yellow tailed fish due to the toxic effects of tributyl tin compounds were reported.' Although the toxic effects of these compounds on mammals have been given much attention from biochemical and pharmacological viewpoints,2A4 detailed ultrastructural investigations to clarify the aetiology of the toxicity of tributyl tin have been limited.
Neurotoxic effects of organotin compounds have been found in accidentally exposed humans.56 The signs and symptoms were severe headache, vomiting, vertigo, photophobia, anorexia, increased tendency to sleep, memory loss, and psychiatric disturbances. Striking interstitial oedema of the cerebral white matter was found in the victims, and reproduced as a specific effect of organotin compounds in experimental animals.78 The detailed mechanisms that cause the shift of the fluid into the central nervous system in organotin intoxications remains uncertain. Our study was undertaken to determine the effects of oral bis (tributyl tin) oxide (TBTO) on the permeability of the blood-brain barrier. We used an electron microscope and an x ray microanalyser. Also, blood tin concentrations were measured with an atomic absorption spectrophotometer.
Materials and methods

ANIMALS
Adult male wistar UOEH rats (weight 250-300 g) were housed in separate stainless steel cages and maintained in a 12 hour lightdark cycle. Exposure to light was six to 18 hours. Animals completed an 18 hour fast before the dose, but were permitted free access to water. ELECTRON 
MICROSCOPY
In our preliminary study,9 we found that a single dose of 0-2 ml/kg (234 mg/kg) body weight of TBTO given orally was the LD50 
Results
No deaths or weight loss occurred among the experimental animals associated with TBTO treatment, and all treated rats seemed to be in good condition. Figure 1 shows data obtained from -atomic absorption analyses of tin concentrations in the blood samples. The blood tin concentration showed a rapid increase one hour after the dose. This rose to the maximum peak at eight hours, then gradually decreased, and reached unmeasurable concentrations at 24 hours.
By-electron microscopy, it was seen that no ultrastructural changes occurred in the hypothalamus and that lanthanum chloride did not leak out of the true capillaries until one hour after treatment with TBTO (fig 2) . The leakage of tracer through the tight junctions of the Between four and eight hours after TBTO treatment, the intercellular and intracytoplasmic oedema of the glial cells surrounding the capillaries was prominent, whereas the neural elements did not seem to be affected. The tracer did not leak out of the capillaries and no degenerative changes were found in either endothelial cells or pericytes ( fig 5) . Moreover, the accumulation of TBTO at the tight junctions of the capillaries was not detected from four to eight hours after the dose. Oedematous changes in the surrounding glial tissue gradually became less pronounced and almost recovered by 24 hours after TBTO treatment (fig 6) . The mechanisms that caused the opening of the blood-brain barrier brought about by TBTO are still unclear. The present x ray microprobe data, however, indicated that TBTO preferentially accumulated at the leaking tight junctions. Although tight junctions are known to act as the main barrier to paracellular passage in epithelia, there do exist some structural differences in the depth and complexity of each tight junction. Claude 
Discussion
